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1
RETAINING DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application 1s the US national stage of Inter-

national Patent Application PCT/IB2012/050588 filed on
Feb. 9, 2012 which, 1n turn, claims priority to Italian Patent
Application VR2011A000027 filed on Feb. 10, 2011.

The present disclosure relates to a retaining device. In
particular, 1t relates to a device intended to be used for retain-
ing snow, avalanches, earth, rocks, embankments, 1.e. a so-
called avalanche, snow, landslide, rock protection or stabili-
zation device, or the like.

Retaining devices for protection against avalanches or
landslides or for stabilization purposes, such as those for
example described 1n Italian patent IT1288181, European

patent application EP1921210 and European patent applica-
tion EP1728924, are known.

In particular, an example of a known retaining device com-
prises a support frame formed by metal beams to which a
retaining mesh 1s fixed. The support frame rests on the ground
on one side and 1s supported by a strut or leg which 1s secured
to the ground, so as to form an inclined T-shaped structure.

In practice, the retaining mesh 1s arranged substantially
perpendicular, or otherwise inclined, with respect to the
ground, so as to stop, or at least limit, the advancing move-
ment of the snow or other material to be retained.

In this way, by arranging several rows of such retaining
devices along the slopes of the mountains, it 1s possible to
limit the formation of avalanches or landslides or in any case
limit significantly the mass thereof.

Although advantageous in many respects, the known
retaining devices have a number of drawbacks which are yet
to be overcome.

One drawback relates to the difficulty of transportation and
assembly.

The known devices have 1n fact a substantially pyramidal
shape which has a large volume owing to both the two-
dimensional size of the support frame and the length of the
support strut which extends from the support frame forming a
T together therewith.

Moreover, 1t must be considered that the retaining devices,
owing to their very function, must be installed typically 1n
hostile locations which are difficult to access, such that often
a helicopter 1s used 1n order to transport them to the installa-
tion site.

This often results 1n the need to transport the different parts
of the disassembled device to the installation site and perform
assembly of the device directly on-site.

This operation increases significantly the amount of time
required for installation and may pose dangers for the work-
ers, who are required to perform assembly of the device 1n
difficult conditions.

Alternatively, transportation of the pre-assembled device
must be performed using special vehicles and the number of
devices which can be transported 1n one journey 1s very lim-
ited.

Similar size-related problems arise also with regard to
transportation by road of the retaining devices from the pro-
duction plant to the installation yvard and as regards their
storage 1n the production plant and at the yard site.

The present disclosure 1s therefore based on the technical
problem of providing a retaiming device which 1s able to
overcome the drawbacks mentioned above with respect to the
prior art and/or which 1s able to achieve further advantages.
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This 1s obtained by providing a retaining device according,
to the independent claim 1. Particular embodiments of the
subject of the present disclosure are defined in the corre-
sponding dependent claims.

A retamning device according to the present disclosure 1s
usetul for facilitating transportation thereot, owing to the fact
that 1ts volume in a non-operating configuration 1s smaller
than the volume 1n an operating configuration.

In fact, the support frame 1s able to assume a non-operating,
closed configuration and an operating radial configuration.
The retaining barrier 1n the non-operating configuration (i.e.
when the barrier 1s closed) has a mainly elongated shape with
a transverse dimension which 1s much smaller than 1n the
operating configuration (1.e. when the barrier 1s open and the
arms are arranged radially).

In other words, a retaining device according to the present
disclosure has a foldable or collapsible structure which 1s
usetul for reducing greatly the volume of the device when the
latter 1s not installed.

As aresult, the retaining device may be easily transported
in an already substantially assembled condition, reducing to a
minimum the operations required at the installation yard.

Compared to the prior art, a greater number of retaining
devices may be transported by road 1n a single journey.

Storage of the retaining devices not yet used 1s likewise
tacilitated by the smaller volume.

According to some embodiments, the parallel-arm con-

figuration 1s substantially coplanar with the radial configura-
tion, 1.e. the second arms (or movable arms) move relative to
the first arm, without coming out of the plane of the radial
arrangement.
The first arm or the first arms may therefore be fixed.
This aspectis usetul for simplifying the manufacture of the
retaining device so as to reduce both the overall number of
separate parts (and the labour required for assembly of the
retaining device) and the number of movable arms (and the
operations which must be performed in order to obtain the
radial configuration during installation).

For example, in the case of a support frame with three arms
arranged in the shape of a T or Y, it 1s suificient for only one
of them (in particular the arm which forms the leg of the T or
the Y) to be movable relative to the other arms; 1n the case of
a support frame with four arms arranged 1n the manner of an
X, 1t 1s suificient for only two opposite arms to be movable
relative to the other ones.

It should be considered moreover that, when the retaining
device 1s 1nstalled, 1t may be preferable to lock the second
arms 1n the operating radial configuration, 1n order to prevent
an accidental movement thereof towards the non-operating
closed position and prevent the support frame from being able
to modily 1ts shape under load. Therefore, a minimum num-
ber of movable arms involves a corresponding minimum
number of movable connections which must be locked and
therefore reduces to a minimum the number of operations to
be performed during installation.

According to some embodiments, the device comprises a
support strut which 1s connected to the retaining barrier via an
articulated joint. The support strut 1s movable between a first
angular position and a second angular position relative to the
retaining barrier: 1n the first angular position, the support strut
1s 1n a substantially T-shaped arrangement with the retaining
barrier, while 1n the second angular position the support strut
1s substantially parallel to the arms of the support {frame 1n the
non-operating closed condition, 1.¢. 1t 1s substantially parallel
to the radial direction of the at least one first arm.

This aspect 1s usetul for obtaining a retaining device 1n the

shape of a T when 1t 1s installed, as occurs for the devices of
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the prior art, and for obtaining a device with a minimum
volume when 1t 1s not installed and must be transported and/or
stored.

In fact, the support strut 1n the second angular position 1s
parallel to the mainly elongated shape of the retaining barrier
when 1t 1s closed and therefore does not increase significantly
the transverse dimensions of the retaining device when not
installed.

Furthermore, according to some embodiments, the articu-
lated joint between the support strut and the retaining barrier
comprises a spherical hinge which 1s convertible reversibly
into a cylindrical hinge, for example through a pin to be
inserted inside a through-seat formed 1n the body of the
spherical hinge. When the articulated joint operates as a cylin-
drical hinge, the movement of the support strut 1s limited to a
movement between the first angular position and the second
angular position, 1.¢. the strut is able to move only 1n one plane
which 1s perpendicular to the retaining barrier.

This aspect 1s usetful for obtaining a retaining device in
which, when the device 1s 1nstalled on-site, the articulated
joint 1s a spherical hinge which may allow a multidirectional
articulated movement between the retaining barrier and the
support strut so as to adapt to the load acting on the retaining
barrier, as occurs in some known retaining devices. When
instead the retaining device 1s not installed and must be trans-
ported and/or stored, the articulated joint 1s a cylindrical
hinge which limits the movements of the support strut and
prevents rotation thereof in the plane of the radial arrange-
ment, thus preventing the support strut from coming out acci-
dentally of the mainly elongated shape of the closed retaining
barrier.

Basically, this allows a small volume to be maintained
during transportation.

Moreover, during installation, said limitation of the move-
ments of the support strut prevents the strut itself from devi-
ating laterally and from accidentally creating an obstacle for
the operations or from 1nadvertently striking the istallation
workers.

According to other embodiments, the support strut 1s sup-
plied detached from the retaining barrier and 1s connected to
it only during installation on-site. In these embodiments, the
articulated joint may not be present; for example, the support
strut may be connected to the retaining barrier through inser-
tion inside a special seat or using other known methods.

According to other embodiments, the retaiming barrier on-
site 1s supported by support means which do not comprise a
strut, such as tie members or flexible cables for example.

Further advantages, characteristic features and the modes
of use of the subject of the present disclosure will become
clear from the following detailed description of a preferred
embodiment thereof, provided by way of example and not for
limitative purposes.

It 1s clear, however, that each embodiment of the subject of
the present disclosure may have one or more of the advan-
tages listed above; 1n any case i1t 1s not required that each
embodiment should have simultaneously all the advantages
listed.

Reference shall be made to the figures 1n the accompanying,
drawings 1n which:

FIG. 1 shows a perspective view of a number of retaining
devices according to the present disclosure, installed on-site
on a slope;

FI1G. 2 shows a top plan view of a retaiming device accord-
ing to the present disclosure;

FIG. 3 shows a cross-sectional view, according to the
cross-sectional line III-I11, of an enlarged detail of the retain-
ing device according to FIG. 2;
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FIG. 4 shows a cross-sectional view, according to the
cross-sectional line IV-1V, of the detail according to FIG. 3;

FIG. 5 shows a cross-sectional view, according to the
cross-sectional line V-V, of the detail according to FIG. 4;

FIG. 6 shows a schematic view of a retaining barrier of the
device according to FIG. 1, from which some parts have been
removed, 1 an operating radial configuration;

FIG. 7 shows a schematic view of a retaining barrier of the
device according to FIG. 1, from which some parts have been
removed, 1n a non-operating closed configuration;

FIG. 8 shows a side view of first arms of the retaining
device according to FIG. 6;

FIG. 9 shows a cross-sectional view, according to the
cross-sectional line IX-IX, of the first arms of FIG. 8;

FIG. 10 shows a side view of second arms of the retaining,
barrier according to FIG. 6;

FIG. 11 shows a cross-sectional view, according to the
cross-sectional line XI-XI, of the second arms of FI1G. 10;

FIG. 12 shows a perspective view of the retaining barrier
according to FIG. 6, with parts separated;

FIG. 13 shows a perspective view of the retaining barrier
according to FIG. 6, with parts assembled;

FIG. 14 shows a perspective view of the retaining barrier
according to FIG. 13 and a support strut, with parts separated;

FIG. 15 shows a perspective view of the retaining barrier
according to FIG. 7 and a support strut 1n a second angular
position;

FIG. 16 shows a perspective view of a retaining device
according to the present disclosure, 1n a non-operating con-
figuration.

With reference to the figures, a retaining device according
to the present disclosure 1s indicated by the reference number
1.

Said retaining device 1 may be used 1n different fields: for
example 1t may be used to retain snow (so-called snow pro-
tection device), for protection against avalanches (so-called
avalanche protection device), for stabilizing or retaining earth
or embankments (so-called stabilization device), for protec-
tion against falling rocks (so-called rockiall or landslide pro-
tection device), or for other similar uses.

In the embodiment shown, the retaining device 1 1s a sta-
bilization device, for example able to be arranged on an
unstable slope 91 of a mountain and fixed there 1n ways which
will be described 1n greater detail below, so as to stop or limit
the movement downhill of earth or rocks on the uphill side of
the device 1.

The retaining device 1 comprises a retaining barrier 3 and
a support strut 2 connected to the retaining barrier 3.

In particular, when the retaining device 1 1s installed on-
site, the support strut 2 and the retaining member 3 are 1n a
substantially T-shaped arrangement or configuration, where
the support strut 2 forms the core of the T and the retaiming
barrier 3 forms the flange of the T.

In the example, the retaining device 1 1s installed on the
ground 92 1n the configuration of an overturned T so that one
side 3a, or bottom side, of the retaining barrier 3 rests on the
ground 92 and forms a certain angle 3 with the ground 92. In
particular, the retaining barrier 3 may be arranged substan-
tially perpendicular to the ground 92 or inclined downhall.

The support strut 2 acts as a prop or support for the retain-
ing barrier 3 1n order to prevent the latter from being able to be
overturned or moved under the weight of the material to be
retained.

The support strut 2 has a first end 21, or uphill end, which
can be connected to the ground 92 via suitable fixing means,
said fixing means for example comprising a ring 23 attached
to the first end 21 of the support strut 2 and a tie member 27
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which connects the ring 25 to an anchoring device (not
shown) embedded 1n the ground 92. Fixing of the support
strut 2 to the ground 92 allows the retaining device 1 to be kept
in a pre-chosen position. These fixing means may be formed
in ways known to the person skilled 1n the art and conse-
quently will not be further described. For further details, see

for example Italian patent IT1288181 and European patent
application EP1921210.

A second end 22, or downhill end, of the support strut 22 1s
associated with or connected to the retaining barrier 3, 1n
particular to a central region thereot, in ways described below.

In the example, as shown 1n particular in FIGS. 1 to 3, the
retaining barrier 3 comprises a support frame 4 and a retaining,
mesh 35 which 1s fixed to the support frame 4, for example by
means of hooks 37.

The support frame 4 includes at least three arms 5 which
are mounted on a central member 40 to which also the support
strut 2 1s connected.

In the example shown, the support frame 4 comprises four
arms 5: two first arms 51, 53 and two second arms 52, 54.
Below, each of said arms will be indicated generally by the
reference number 5 when 1t 1s not relevant whether it 1s a first
arm or a second arm.

In an operating configuration of the support frame 4 (for
example when the retaining device 1 1s installed on-site) the
arms 5 are splayed with respect to each other: two successive
arms form an angle relative to each other. In other words, as
shown 1n detail in FIGS. 3 and 6, the arms S 1n the operating
configuration are arranged radially and extend from the cen-
tral member 40 to which they are fixed. In the operating radial
configuration, each arm 5 1s oriented along a respective radial
direction 50a, 505.

In particular, this radial arrangement 1s substantially flat:
for example, the arms 3 are coplanar with each other (as
visible for example 1n the top plan view of FIG. 2).

In the example shown, the first arms 31, 53 are aligned with
cach other and the second arms 52, 54, which are arranged on
the opposite sides to the first arms 51, 33, are aligned with
cach other 1n the operating configuration. Basically, the first
arms 51, 52 are arranged along a first diagonal 50a of the
retaining barrier 3 and the second arms 32, 54 are arranged
along a second diagonal 305 of the retaining barrier 3, so as to
form an X or a Saint Andrew’s cross. The central member 40
1s located 1n the region of intersection between the first diago-
nal 50q and the second diagonal 505.

Said diagonals 50a, 505 correspond to the radial directions
of the respective first arms 51, 53 and second arms 32, 54 1n
the radial configuration and also to their longitudinal central
axes 50.

In the example, the first arms 51, 33 form an angle o of 80
degrees with the second arms 52, 54.

In particular, the support frame 4 has a substantially qua-
drangular shape, as does the retaining barrier 3.

The support frame 4 extends mainly along two dimensions,
1.¢. 1ts overall thickness S 1s substantially smaller than 1its
width L and 1ts height H, these latter two dimensions being
substantially comparable to each other in terms of order of
magnitude. The support frame 4 defines a first face or side 31,
or uphull side, of the retaining barrier 3, while the retaining
mesh 35 1s situated on a second face or side 32, or downhuill
side, which 1s opposite to the first face 31.

The central member 40 comprises a first plate 41 and a
second plate 42, which are arranged on opposite sides of the
region ol mtersection between the first diagonal and the sec-
ond diagonal of the retaining barrier 3, along the first face 31
and second face 32, respectively. Therefore, the ends of the
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arms 3, 1n the region of the central member 40, are enclosed
between the first plate 41 and the second plate 42.

Each arm 5 1s fixed to the central member 40 by means of
a respective pair of bolts 45, 46. For this purpose, the central
member 40 and each arm 5 comprise respective first seats
47a, 47b and respective second seats 48a, 48b for receiving

the bolts 45, 46. These seats 47a, 47b, 48a, 48b are basically
through-holes which pass through the first plate 41, the arm 5
and the second plate 42.

For each arm, a first bolt 45 1s inserted 1nside the first seats
47a, 47b and clamped with a respective nut 451, while a
second bolt 46 1s inserted 1inside the second seats 48a, 486 and

clamped with a respective nut 461.

With respect to a longitudinal central axis 50 of the arm 5,
the first seats 47a, 47b are located on the opposite side to the
second seats 48a, 48b. In the example, each plate 41, 42 1s
provided with eight through-holes, 1.e. two through-holes
(first seat 47a and second seat 48a) for each arm 5. Each arm
5 1s provided with two through-holes (first seat 475 and sec-
ond seat 48b6) which, when the arm 5 1s 1n the operating
position, are arranged matching the respective holes 47a, 48a
in the plates 41, 42.

In the embodiment shown, the first arms 51, 53 form a
single piece, 1.e. are successive parts or sections of a same
beam 56 which passes through the central member 40; basi-
cally, the firstarms 51, 53 are physically continuous with each
other. The second arms 352, 54 are structurally independent of
cach other, 1.e. are parts of beams which are discontinuous.

In particular, the arms 5 are formed by a beam with an
I-shaped cross-section, having a core 57a and two flanges
57b, 57c on opposite sides of the core 57a.

In the region of the central member 40, where the arms 5
converge together, the beam 56 which forms the two first arms
51, 53 has a notch or recess 58 formed 1n a first flange 575 and
part of the core 37a.

The ends of the second arms 52, 54 in the region of the
central member 40 (1.e. at the intersection with the first arms
51, 33) have in turn an incision 89 1n the second flange 37¢ and
part of the core 57a. This allows the arms 5 to be arranged
coplanar with each other so as to form a support frame 4
which 1s substantially flat and has a thickness S equal to the
height HS of the arms 5.

Moreover, by forming the recess S8 1n the first flange 575
of the first arms 51, 53 and the inci1s10n 59 in the second flange
57c (1.. 1 the flange opposite to the first flange 585) of the
second arms 52, 54, the first arms 51, 53 and the second arms
52, 54 substantially complement each other 1n the intersection
region.

Consequently, the overall contact area between each of the
plates 41, 42 and the arms 5 1s maximized, thus improving the
solidity of the support frame 4 as a whole.

The arms 5 may comprise reinforcing elements 37/ which
connect the first flange 575 to the second flange 57¢. The
beam 56 may also comprise reinforcing elements 37g which
are fixed to the core 574 1n the region of the recess 38. Similar
reinforcing elements may be provided for the second arms 52,
54 1n the region of the incision 59.

Means 410 for performing connection to the support strut 2
are associated with the first plate 41, 1.e. with the plate
arranged on the uphill side 31 of the retaining barrier 3. It
should be noted that, 1n the example, the connection means
410 are arranged substantially at a central point of the retain-
ing barrier 3, 1.e. at a point defined by the convergence of the
arms 3, 1.e. at the centre of the radial arrangement.

In order to allow the retaining barrier 3 to vary 1ts inclina-
tion relative the support strut 2, said connection means 410
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comprise an articulated joint, such as a simple hinge (1.e. a
cylindrical hinge) or a spherical hinge for example.

In the embodiment shown, the articulated joint 410 com-
prises a substantially spherical element 411, which 1s fixed by
means of welding to the first plate 41, and a casing or shell 221
attached to the second end 22 of the support strut 2. The shell
221 has a substantially C-shaped form and defines a cavity for
receiving the spherical element 411. A locking bolt 227 (or
alternatively a peg) 1s also provided, being inserted trans-
versely between the two sides of the C-shape through special
holes 223 and passing 1n the vicinity of the first plate 41, in
particular inside a groove between the latter and the spherical
clement 411. The locking bolt 227 thus arranged prevents
extraction of the support strut 2 from the spherical element

411.

A j01nt forming a spherical hinge with a multiple degree of
freedom 1s thus obtained, allowing the support strut 2 to
assume any spatial angle with respect to the retaining barrier
3 and to rotate about 1ts longitudinal axis 200.

Moreover, the spherical element 411 includes a seat 415 for
removably receiving a pin or bolt 229. In the example, this
seat 415 1s a hole passing through the spherical element 411
and having a longitudinal axis 418 substantially parallel to the
first plate 41. The shell 221 mounted on the support strut 2 has
corresponding holes 225 for allowing insertion of the pin 229.

Insertion of the pin 229 inside the seat 415 and inside the
holes 225 allows the spherical hinge of the articulated joint
410 to be converted 1nto a cylindrical hinge, 1.e. 1nto a joint
with a single degree of freedom, where relative rotation of the
retaining barrier 3 and the support strut 2 occurs only about
the longitudinal axis 418 of the seat 415.

Basically, the articulated joint 410 equipped with pin 229
inserted in the seat 415 1s a cylindrical hinge, while the
articulated joint 410 without the pin 229 1s a spherical hinge.

The retaining device 1 comprises a plurality of tie members
15, each of which connects a respective arm 5 to the support
strut 2, 1n particular to the first end 21 of the latter. The
retaining device 1 thus has overall a substantially pyramidal
shape, as shown 1n FIG. 1.

Moreover, a perimetral cable 38 1s arranged along the
perimeter of the retaining barrier 3, connecting together the
peripheral ends of the arms 5; the perimetral cable 38 acts as
a support for the retaining mesh 33. The characteristics of the
tie members 15, which are for example flexible elements, and
of the perimetral cable 38 may be regarded substantially as
belonging to the prior art (see for example Italian patent
I'T1288181 and Furopean patent application EP1921210).

In addition to the operating configuration described hith-
erto, the retaiming device 1 may also assume a non-operating
configuration 1n which 1t has a smaller volume and 1s easier to
transport. In particular, the retaining device 1 1s 1n this non-
operating configuration before being installed, 1.e. during
manufacture, storage and transportation of said retaining
device 1; the retaining device 1 1s in operating configuration
during installation on-site.

In the non-operating configuration, shown i FIGS. 7, 15
and 16, the arms 5 are substantially parallel to each other and
the support frame 4 1s 1n a closed configuration: the support
frame 4 and the retaining barrier 3 have a mainly single-
dimensional extension. Differently from the operating con-
figuration, their height H' 1s substantially less than their width
L', while the thickness S' 1s unchanged with respect to the
operating configuration.

This 1s possible owing to the fact that at least some of the
arms 5 are displaceable relative to each other, so as to be
arranged parallel instead of radially.

10

15

20

25

30

35

40

45

50

55

60

65

8

In the non-operating configuration (FIGS. 7 and 15) the
arms S are substantially parallel to each other, while 1n the
operating Conﬁguratlon (FIGS. 6 and 13) the arms S5 are
splayed apart 1n a radial configuration.

In other words, 1n the non-operating configuration at least
one of the arms 5 (1.¢. at least a first arm 51, 53) 1s oriented
along the same radial direction 50q as 1n the operating con-
figuration, while the remainder of the arms 3 (1.e. the second
arms 32, 34) are oriented along a direction 50¢ which 1s
substantially parallel to the radial direction 50a of said at least
one of the arms 5.

In the embodiment shown, the second arms 52, 54 are
movable relative to the first arms 51, 53 between a non-
operating configuration and an operating configuration.

The two first arms 51, 53 are fixed together, 1n the example
being parts of the same beam 356.

The second arms 52, 54 are therefore movable or displace-
able between the non-operating configuration and the oper-
ating configuration; the first arms 51, 53 do not vary their
position between the non-operating configuration and the
operating configuration.

In the non-operating closed configuration, the first arms 31,
53 are oriented along the same radial direction 50q as 1n the
operating radial configuration, while the two second arms 52,
54 are oriented along a direction 50¢ which 1s substantially
parallel to the radial direction 50qa of the two first arms 51, 53.

In particular, 1n order to ensure that a second arm 52, 54 1s
movable, only one of the respective bolts 45, 46 (in the
example, the first bolt 45) 1s mnserted 1nside the respective
seats (1n the example, the first seats 47a, 47b) such that this
bolt 45 acts as a pivot for rotation of the second arm 52, 54
with respect to the central member 40 and with respect to the
first arms 51, 53. Where necessary, in order to allow rotation,
the nut 451 of the bolt 45 which acts as a pivot element must
not be fully tightened. Alternatively, this pivot element may
be replaced by a peg, a bolt or other member suitable for
acting as a pivot.

The second bolt 46 will be 1nserted inside the respective
second seats 48a, 486 during installation on-site of the retain-
ing device 1.

Basically, the second arms 52, 54 are pivotably hinged on
the central member 40; therefore they are configured to rotate
with respect to the central member 40 so as to perform an
angular displacement between the non-operating closed con-
figuration and the operating radial configuration. In other
words, the movement of the second arms 52, 54 between the
non-operating configuration and the operating configuration
(and vice versa) 1s a pivoting rotation relative to the central
member 40.

Since the first seats 47a, 476 and the pivoting bolt 45
extend substantially perpendicular to the plates 41, 42 and to
the surface of the retaining barrier 3, the hinging axis 450 of
the respective second arm 52, 54 1s also substantially perpen-
dicular to the plates 41, 42 and to the plane of the radial
configuration.

The rotation of the second arm 52, 54 therefore occurs
towards a first arm 51, 53 without coming out of the plane of
the support frame; 1n other words, the movement of the sec-
ond arm 52, 54 between the non-operating closed configura-
tion and the operating radial configuration 1s an angular dis-
placement which occurs i the plane of the radial
arrangement, 1.¢. 1s coplanar with the radial configuration.

The parallel-arm arrangement which the arms 5 assume 1n
the non-operating configuration (or closed configuration) 1s
therefore substantially coplanar with the radial arrangement
(or open configuration) which the arms 5 assume 1n the oper-
ating configuration.
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In the case of the embodiment shown, 1n the non-operating,
configuration the second arms 52, 34 are each adjacent to a
respective first arm 31, 33 and the second arms 32, 54 extend
on the opposite sides of the central member 40.

Basically, during the movement from the non-operating
configuration to the operating configuration (or vice versa),
the second arms 52, 54 are rotated both 1n the same direction
(in the anti-clockwise direction 1n FIG. 7 and 1n the clockwise

direction 1n FIG. 6).

The first seat 47a, 475 1n which the pivoting bolt 45 1s
located 1s that closest to the first arm 51, 53 towards which the
second arm 52, 54 1s displaced in the non-operating configu-
ration.

In the non-operating configuration, the first seat 475 (or
hinging seat) of the second arm 52, 54 1s at a distance D1 from
the respective adjacent first arm 51, 53 which 1s less than the
distance D2 of the second seat 485 (or locking seat) from the
same first arm 51, 53.

Owing to this special feature and suitable shaping of the
notch 58 and the recess 59, the second arm 52, 54 does not
interfere with the first arms 31, 33 during the angular dis-
placement between the two configurations, 1.e. closed con-
figuration and open configuration.

Moreover, the first seats 47a, 475 are situated outside the
profile of the first arms 51, 53 and at a distance D1 from this
profile. The distance D1 1s chosen with a suitable value so
that, 1n the non-operating configuration, the distance D3
between the second arm 52, 54 and the respective adjacent
first arm 31, 53 1s at a given—possibly small-—value so that
the height H' of the support frame 4 1s minimal.

The support strut 2 1s movable with respect to the retaining,
barrier 3. In particular, the support strut 2 1s movable between
a first angular position and a second angular position.

In the first angular position, which 1s assumed 1n particular
when the retaining device 1 1s installed (therefore correspond-
ing to the operating radial configuration of the support frame
4), the support strut 2 and the retaining barrier 3 are in the said
T-shaped configuration, as shown in FIGS. 1 to 5.

In the second angular position, which 1n particular 1s
assumed during storage and/or transportation of the retaining
device 1 (therefore corresponding to the non-operating closed
configuration of the support frame 4), the support strut 2 1s
rotated towards the retaining barrier 3 and 1n particular 1s
substantially parallel to the radial direction 50a of the first
arms 51, 52, 1.¢. to the arms 3 1n the non-operating configu-
ration, as shown in FIGS. 14 to 16.

The overall volume of the retaining device 1 in the non-
operating configuration 1s therefore very compact, because
the arms 5 and the support strut 2 are parallel to each other and
close together.

In the embodiment shown, the support strut 2 1n the second
operating position 1s parallel to the first arms 51, 53.

In particular, the seat 415 1n the spherical element 411 1s
formed so that its longitudinal axis 418 1s parallel to the
retaining barrier 3 and at right angles to the radial direction
50a of the first arms 51, 53.

When the pin 229 1s mnserted inside the seat 415 (and the
locking bolt 227 1s removed from the holes 223), the articu-
lated joint 410 acts as a cylindrical hinge and limits the
movement of the support strut 2 to an angular displacement
between the first angular position and the second angular
position, 1.¢. 1n a plane at right angles to the retaining barrier
3 and parallel to the first arms 51, 53.

As a result, the support strut 2 remains coplanar with the
first arms 51, 53, ensuring the compactness of the retaining
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device 1 during transportation and preventing undesirable
and dangerous movements of the support strut 2 outside of
this plane during installation.

The retaining device 1 1s supplied 1n the non-operating,
configuration, with the arms 5 parallel 1n the closed configu-
ration and the support strut 2 in the second angular position,
1.¢. parallel to the arms 5 (FIGS. 15 and 16). The pin 229 is
inserted inside the seat 415; the second bolts 46 for the second
arms 32, 54 and the locking bolt 227 are not mounted on the
retaining device 1 or in any case are not operative.

The retaining mesh 35 1s connected to only the first arms
51, 53 and 1s folded up so as to reduce 1ts volume, or alterna-
tively 1s supplied separately.

Theretaining device 1 1n the non-operating configuration 1s
transported to the mstallation site. Owing to 1ts compact and
clongated shape which the device assumes 1n this configura-
tion, transportation 1s easier than in the case of the known
devices.

At the mstallation site, the arms 5 are splayed apart, arrang-
ing them 1n the operating radial configuration. In the example
shown, both the second arms 52, 54 are displaced into the
operating configuration.

The second bolts 46 are inserted and fixed 1inside the second
seats 48a, 485 so as to lock the second arms 52, 54 in the
operating configuration.

The second bolts 46 therefore form part of the locking
means for locking the second arms 52, 534 on the central
member 40 and preventing shape variations of the support
frame 4 1n the operating configuration.

The retaining mesh 335 1s extended and fixed to the support
frame 4.

The support strut 2 1s brought into the first angular position,
restoring the T-shaped configuration. The locking bolt 227 1s
inserted mside the holes 223 so as to prevent extraction of the
support strut 2 from the spherical element 411. The retaining
device 1 1s fixed to the ground using the known methods. The
pin 229 1s removed from the seat 415, so that the functionality
of the spherical joint 410 1s restored.

Should 1t subsequently be required to remove the retaining
device 1 ({or example for maintenance or replacement pur-
poses), the abovementioned steps may be performed 1n the
reverse order so that the retaining device 1 assumes again the
non-operating closed condition, ready for transportation.

In the embodiment described, the first seats 47a, 47h and
the second seats 48a, 4856 are 1dentical to each other and
likewise the first bolts 45 and the second bolts 46 are 1dentical
to each other. The method of manufacturing the retaiming
device 1 1s sitmple because 1t 1s not required to form these seats
in a ditfferent manner depending on their function. In the case
of the second arms 52, 54, each of said seats may be used as
a locking or hinging seat.

Similarly, a bolt may be used equally well as a pivot ele-
ment 45 or as a locking element 46, without having to provide
two different types of elements.

As an alternative to the bolts, the pivot elements 45 and the
locking elements 46 may be pegs, keys or similar elements.

The retaining device 1, in particular the support strut 2, the
arms 5 and the central member 40, are for example made of
galvanized steel.

The retaining device 1 described here may be subject to
numerous variations and modifications.

For example, the first arms 51, 533 made as one piece may be
welded directly onto the central member 40, instead of being
bolted. In this case, the bolts 45, 46 and the respective seats
47a, 47b, 48a, 48b are not required for the first arms 51, 53.

For example, the first arms 51, 53 may be structurally
independent of each other, mstead of being made as one
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piece, and optionally may be movable relative to each other so
as to be displaced into the non-operating configuration.

For example, the support frame may comprise a greater
number of arms (for example six arms) suitably arranged
radially 1n the operating configuration and movable towards a
parallel-arm arrangement 1n the non-operating configuration.

For example, the support frame may comprise only three
arms, one or two of which are movable with respect to a first
arm (for example by means of a hinging system) so as to
assume a parallel-arm arrangement 1n the non-operating con-
figuration and a radial arrangement 1n the operating configu-
ration.

The subject of the present disclosure has been described
hitherto with reference to preferred embodiments thereof. It 1s
understood that other embodiments relating to the same
inventive 1dea may exist, all of these falling within the scope
of protection of the claims which are provided hereinbelow.

The mvention claimed 1s:

1. A retaining device, comprising a retaining barrier includ-
ing a support frame for supporting a retaining mesh, the
support frame including at least four arms,

wherein the support frame 1s configured to assume a non-

operating closed configuration and an operating radial
configuration,
wherein, 1n the operating radial configuration, each arm 1s
oriented along a respective radial direction with respect
to a center axis of the support frame, the arms being
coplanar 1n a plane perpendicular to the center axis, and

wherein two first arms of said four arms form a single
piece, being successive sections of a beam, and are
aligned to each other and oriented in a same radial direc-
tion both in the non-operating closed configuration and
in the operating radial configuration, and the remaining
two second arms are structurally independent of each
other, wherein 1n the non-operating closed configura-
tion, one of the remaining two second arms of the four
arms 1s located on a first side of one of the two first arms
and the other of the remaining two arms of the four arms
1s located on a second side of the other of the two first
arms, wherein the first side and the second side are
opposite sides relative to the two first arms, the arms
remaining coplanar within said plane,

the retaining device being configured to be used for retain-

ing snow, avalanches, earth, rocks, or similar materials
to be retained,

the retaining barrier being configured for recerving a load

of material to be retained and for stopping, or at least
limiting, an advancing movement of the material to be
retained.

2. The retaining device according to claim 1, comprising
locking means for locking said remaining second ones of said
arms 1n the operating radial configuration.

3. The retaining device according to claim 1, wherein the
support frame comprises a central member whose center
coincides with the central axis of the support frame, said arms
being mounted on the central member, wherein said two
second arms are hinged on the central member and are each
configured to rotate relative to the central member to perform
an angular displacement between the non-operating closed
configuration and the operating radial configuration, wherein
said two second arms each rotate around a different rotational
axis parallel to and different from the center axis of the
support frame.

4. The retaining device according to claim 3, comprising
means for locking said two second arms in the operating
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radial configuration, wherein the locking means 1s configured
for implementing a locking between said two second arms
and the central member.

5. The retaining device according to claim 4, each of said
two second arms having a respective longitudinal axis,
wherein said central member and each of said two second
arms comprise each a first seat and a second seat, said first seat
and said second seat being on opposite sides of said longitu-
dinal axis, wherein the first seat 1s intended to recerve a pivot
clement and the second seat 1s intended to receive a locking
clement belonging to said locking means.

6. The retaining device according to claim 3, wherein said
first seat and said second seat are identical to each other and
wherein said pivot element and said locking element are bolts
Or pegs.

7. The retaining device according to claim S, wherein said
support frame comprises four arms, the two first arms of said
four arms are fixed and oriented in the non-operating closed
configuration along the same radial direction as 1n said oper-
ating radial configuration, and the two second arms of said
four arms are oriented in the non-operating closed configu-
ration along said direction substantially parallel to said radial
direction of said two first arms,

wherein the two first arms are fixed and aligned with each

other, and

wherein the two second arms are on opposite sides relative

to the two first arms, the two second arms being aligned
with each other in the operating radial configuration and
being arranged each adjacent to a respective first arm 1n
the non-operating closed configuration, said two second
arms being hinged on the central member, wherein, 1n
the non-operating closed configuration, for each second
arm, the first seat 1s at a distance from the respective
adjacent first arm which 1s less than the distance of the
second seat from the respective adjacent first arm.

8. The retaiming device according to claim 3, wherein said
two second arms of said arms each rotate 1n a same direction
around their respective rotational axis when rotating from the
non-operating closed configuration to the operating radial
configuration, and vice versa.

9. The retaining device according to claim 1, wherein the
support frame 1n the operating radial configuration 1s substan-
tially coplanar with the support frame in the non-operating
closed configuration.

10. The retaining device according to claim 1, further com-
prising a support strut and an articulated joint,

wherein the support strut 1s connected to the retaining

barrier via said articulated joint, the support strut being
movable between a first angular position and a second
angular position relative to the retaining barrier,

wherein the support strut in the first angular position is 1 a

substantially T-shaped arrangement with the retaining
barrier, and

wherein the support strut in the second angular position 1s

substantially parallel to said radial direction of said two
first arms.

11. The retaining device according to claim 10, said articu-
lated joint including a seat configured to removably recerve a
pin, wherein the articulated jomnt equipped with the pin
received 1n the seat 1s a cylindrical hinge limiting the support
strut to a movement between the first angular position and the
second angular position, and wherein the articulated joint
without the pin 1s a spherical hinge.

12. The retaining device according to claim 1, wherein the
two first arms are aligned with each other and wherein the two
second arms are on opposite sides relative to the two first
arms, the two second arms being aligned with each other 1n
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the operating radial configuration, said two first arms being,
coplanar with said two second arms and the operating radial
configuration being substantially flat, the two second arms
being arranged each adjacent to a respective first arm in the
non-operating closed configuration.

13. The retaining device according to claim 1, wherein the
at least four arms have a same height and wherein 1n the
operating radial configuration and 1n the non-operating
closed configuration the support frame has a thickness sub-
stantially equal to the height of the arms.

14. The retaining device according to claim 13, wherein the
two first arms each comprise a recess region formed within a
corresponding flange, said two second arms comprise an 1nci-
sion region formed within a corresponding flange, and
wherein said recess region and said 1ncision region are con-
figured such as the two first arms and said two second arms
complement each other 1n an intersection region of a first
diagonal associated with the two first arms and a second
diagonal associated with said two second arms 1n the operat-
ing radial configuration.

15. The retaining device according to claim 14, wherein the
support frame comprises a central member and said central
member comprises a first plate and a second plate arranged on
opposite sides of said intersection region, and wherein said
recess and incision regions are configured to maximize a
contact area between the at least four arms and the first and
second plates.
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